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Abstract
The purpose of this study is to suggest a method to sup-
port decision-makers in the configuration of optimal pairs,
in order to increase pair programming effectiveness. To
achieve this, findings of empirical studies regarding person-
ality and expertise have been synthesised to create a map-
ping of the studied factors and their effects on pair program-
ming. The mapping will be illustrated in a fictive setting,
presenting how the synthesised findings can be applied in
practice.
1 Introduction
Pair programming is a technique whereby code is pro-
duced by two software developers working on one machine
interchangeably [1]. The benefits of pair programming are
explored by many; in a meta-analysis of 18 studies on the
effects of pairs versus individual developers, Hannay et al.
report that pair programming has a positive effect on qual-
ity and duration, especially with regard to highly-complex
tasks [5]. Hannay et al. also reported on the negative effect
on effort, however Cockburn and Williams report that the
increase in cost for the multiple benefits that pair program-
ming introduces, including quality, duration, and learning
amongst others is approximately 15% [3], far less than the
expected 100% increase in cost.
The purpose of this study is to suggest a method for
decision-makers to create optimal pairs, in order to max-
imise the potential of pair programming. To achieve this,
we construct a “factor-effect” mapping based on the corre-
lations of personality and expertise with pair programming,
by conducting a comprehensive literature review on related
empirical research. Furthermore, we illustrate the usage of
this mapping in a fictive setting. The “factor-effect” map-
ping is intended to be the first step in proposing a method
for configuring effective pairs.
While the benefits of pair programming have been ex-
tensively researched, we focus on the empirical studies that
investigate factors that correlate with its effectiveness. We
have identified that a multitude of empirical studies have
been conducted to explore the effect of personality and ex-
pertise on pair programming, and that these effects can be
significant. Sfetsos et al. report that design and code cor-
rectness are significantly correlated with pairs of diverse
personalities and temperaments [F13, F15]. Arisholm et
al. report that code correctness is increased for novice pairs
compared to novice individuals [F1]. Thorbjorn and Han-
nay report that developers of similar Neuroticism [10] will
verbalise more often [F16]; this act is considered crucial
in successfully engaging novices in pair programming [14].
These factors and effects are an example of those that are
explored in empirical research. However, due to differences
in the approach and context of the existing empirical evi-
dence, the problem is to synthesise the personality and ex-
pertise effects in a valuable approach.
The benefits that can be obtained by consulting the syn-
thesised findings can have a practical effect on multiple as-
pects of pair programming. The value of our research is
twofold. In industry, the aggregation of the factors and ef-
fects can result in an approach to improve the effectiveness
of pair programming. In academia, we believe that a thor-
oughly reviewed background of the topic will aid the under-
standing of future researchers, and provide a reference point
for further work.
Having identified personality and expertise as commonly
researched areas in software development, we have formu-
lated the following research questions to describe and clas-
sify the studied factors and effects (RQ1), and to illustrate
an approach to apply the synthesised findings in practice
(RQ2).
RQ1: Which factors are studied to explore the effects of
personality and expertise on pair programming?
RQ2: How can the “factor-effect” mapping be applied in
practice to define effective pairings for pair program-
ming?
The rest of this report is structured as follows: Section 2
presents personality and expertise in psychology and soft-
ware development, Section 3 presents our review method-
ology, Section 4 presents our results and discussion, Sec-
tion 5 illustrates the application of the “factor-effect” map-
ping in a fictive setting, Section 6 presents the limitations of
our study, and Section 7 presents our conclusions and future
work.
2 Related work
This section introduces the personality models and their
respective factors, which are addressed in the reviewed
studies. Expertise is defined and described in the context of
software development. This section also briefly discusses
research on personality and software engineering teams.
2.1 Personality models
Cruz et al. conducted a systematic literature review,
finding that the most common personality models that are
utilised in software engineering are the Five-Factor Model
(FFM), introduced by McCrae [10], the Myers-Briggs Type
Indicator (MBTI) [11], and the Keirsey Temperament Sorter
(KTS) [9]. These personality models are primarily used in
the studies reviewed in this paper.
The FFM distils personality into 5 domains; Ogot and
Okudan [12] concisely describe these domains: Openness
to experience as the “number of interests one has and the
extent to which they are pursued”, Neuroticism as the “num-
ber and strength of stimuli that trigger negative emotions in
a person”, Agreeableness as the “number of sources from
which one takes norms”, Extraversion as the “number of
relationships a person is comfortable with”, and Conscien-
tiousness as the “number of goals one is focused on”. The
NEO-PI questionnaire, based on FFM, is becoming popu-
lar among researchers, though MBTI largely dominates past
studies regarding personality in software engineering [4].
The MBTI measures personality with a 94 item
questionnaire, and is based on four bipolar discontinu-
ous scales: Introverting-Extraverting, Sensing-Intuiting,
Thinking-Feeling, and Judging-Perceiving [11]. A person-
ality is classified as one of 16 personality types, based the
largest score for each scale. KTS, measured by a 70 item
questionnaire, classifies these 16 types into four temper-
ament types [9]: Artisan (Sensing-Perceiving), Guardian
(Sensing-Judging), Idealist (Intuiting-Feeling), Rational
(Intuiting-Thinking).
2.2 Expertise in software engineering
Bryant [2] describes expertise as “a function of the four
key elements of Practice, Strategy, Knowledge and Meta-
cognition”. Even though this concerns expertise in general,
the same elements apply to pair programming [2]. Bryant’s
description of expertise resonates with the bases for identi-
fying experts by Sim et al.: years of experience, cognitive
characteristics, and Software-Specific Proficiencies (SSP).
In industry, years of experience is a common indicator,
or delimiter, to ascertain the level of expertise. However,
Sim et al. [15] found that SSP is the most prominent indica-
tor of expertise. Sim et al. [15] present empirical evidence
that individuals who are considered to be experts could be
outperformed by a novice with some SSP, when introduced
to areas unknown to the expert. Moreover, they state that an
expert’s “skill is often accompanied by a track record of ac-
complishments and consequently the achievements cannot
be attributed to luck”. This indicates that years of experi-
ence enables a software engineer to achieve a vast amount
of knowledge over time, and therefore years of experience
can be a determinant of SSP. Whereas, according to these
findings, expertise should be determined in terms of the ob-
jectives and the nature of a given task, and not simply by
years of experience, SSP can be complex to measure [15].
Furthermore, with respect to the cognitive characteristics
of experts, Sim et al. [15] found that experts tend to have
a systematic and orderly transition in the study of software
components, compared to novices. The communication of
experts was denoted by the quality of their explanations,
that provided more details about the context of the problem,
and that were less error-prone.
2.3 Personality and teams
Personality is also empirically studied in the context of
software engineering teams; we present part of this body
of research to denote the similarities and differences with
studies on pair programming.
Pieterse and Kourrie [13] found that diversity in per-
sonality in teams is strongly correlated with team success.
However, they also found that this correlation weakened
over the course of a year, while the correlation of com-
petence and team success strengthened. This interestingly
signifies the notion that personality can be important in the
initial stages of team formation, but that this importance di-
minishes over time.
Karn and Cowling [6] conducted ethnographic observa-
tions and analysed the effect of personality on student team
performance. They found that teams with heterogeneity in
personality, as well as ethnicity and religion worked well
together. This resonates with the findings of reviewed stud-
ies synthesised in this research: diversity in personality has
a positive effect on certain aspects of pair programming.
However, it is not only diversity that is shown to keep a
software engineering team cohesive and high-performing;
Karn et al. [7] conclude that almost complete homogeneity
results in high team cohesion. By extent, they also found
that highly cohesive teams have a tendency to outperform
teams with lower levels of cohesion, but also that high co-
hesion does not necessarily equal high performance.
3 Review methodology
In our research, we conduct a comprehensive literature
review, with the goal to design a “factor-effect” mapping,
to be consulted for the formation of effective pairs based on
personality and expertise. Whereas the methodology of our
study is in part based on Keele’s guidelines for conducting
an SLR [8], we do not consider our study to be a systematic
literature review. In particular, the rigour of our search pro-
cess, a prominent aspect of an SLR, was limited to two data
sources, and we did not carry out a manual search process
through all relevant journals [8]. Furthermore, limited qual-
ity criteria were considered in the data extraction process,
focusing instead on the primary findings pertaining to our
goal. However, we do identify that our study “can provide
information about the effects of some phenomenon across a
wide range of settings and empirical methods” [8].
3.1 Inclusion & Exclusion criteria
The inclusion criteria concerned empirical studies on
personality or expertise effects on pair programming. More
specifically, empirical studies that explored the effects of
single personality factors, diverse personalities or exper-
tise in the pair programming context were included. The
eligibility of the studies was not restricted with respect
to research design, nor did we impose any restrictions on
whether studies were conducted at an academic or indus-
trial setting. Furthermore, we included only those papers
which were written in English.
Studies that were excluded did not concern pair program-
ming in the context of personality or expertise. Studies that
explored effects on teams were also excluded. Furthermore,
we excluded those papers which solely presented anecdotal
evidence.
3.2 Data source & search terms
The search terms were divided into two separate terms,
each concerning one of our two areas of interest: personal-
ity and expertise. The total number of hits differed vastly
between the two data sources (engineeringvillage.com and
scopus.com) but yielded close to the same amount of rel-
evant studies. Engineeringvillage has a narrow focus on
engineering studies and therefore served our purpose well,
regarding both personality and expertise in the pair pro-
gramming context. Scopus’ broader focus (Life-, Health-,
Physical-, and Social Science, and Humanities) yielded sig-
nificantly more hits, though however served as a comple-
ment when searching for studies regarding personality. Due
to this broad focus, most of the studies were clearly aimed
toward the aforementioned fields, not relating to personality
or expertise in pair programming.
Table 1. Search terms & data sources
Search term pair programming AND software AND personality
Data source engineeringvillage scopus
Search date 3/17/2015 4/10/2015
Relevant studies 13 15
Total hits 62 276
Duplicates 12
Selected studies 16
Search term pair programming AND software AND expert*
Data source engineeringvillage scopus
Search date 3/17/2015 4/10/2015
Relevant studies 4 4
Total hits 44 897
Duplicates 4
Selected studies 4
3.3 Study selection
From our automatic search, 1279 papers were found.
The procedure in evaluating the relevance of these papers
initially involved examining the list of titles of the stud-
ies, excluding those which were evidently not related to our
topic. The next step in this procedure was to read the ab-
stract and conclusion of the remaining studies and assess
their relevance by applying our inclusion and exclusion cri-
teria. After this procedure, 20 papers were considered rele-
vant.
Of these 20 papers upon closer inspection, 3 presented
the same research and therefore duplicate information. For
this reason, these studies were excluded from data extrac-
tion and synthesis.
In total, the findings of 17 empirical studies were ex-
tracted and synthesised, forming the “factor-effect” map-
ping (Section 4.1). The studies were given the identifiers
F1-17.
3.4 Data extraction
The data extraction procedure initially involved devel-
oping the data extraction form, to systematically assess the
papers under review. We based the structure of the data ex-
traction form on Keele’s guidelines [8]. We designed the
form with the purpose to address RQ1: Which factors are
studied to explore the effects of personality and expertise
on pair programming? The data extraction form was pilot-
tested by both researchers on a small number of studies, and
was refined by excluding fields that were considered irrel-
evant or produced major inconsistencies in the end-result.
The most important refinement was to establish a standard
approach to mark the significance of the findings in the stud-
ies under review, since due to different research design and
goals, ‘significance’ was not established by the same statis-
tical tests. Therefore, instead of requiring information about
the statistical analysis of the reviewed data, the form re-
quired marking the research findings with [ss] or [si], to de-
note ‘statistically significant’ or ‘statistically insignificant’.
The final form that was used for the extraction is presented
in Table 2. The form was implemented in Google Sheets,
due to the ease of access and remote collaboration possibil-
ities that this platform provided.
Our data extraction procedure demanded one researcher
to fulfil the role of data extractor (i.e. one who completed
the data extraction), and the other researcher to function as
the data checker (i.e. one who confirmed that the data ex-
traction was carried out appropriately). The fulfilment of
these roles by the researchers is suggested by Keele [8]. Our
fulfilment of these roles differed, as the extractor initially
performed a check on a subset of the papers, to verify that
the extraction procedure was uniformly carried out by both
researchers. However, at a later stage in our research, when
synthesising the data, both researchers acted as data check-
ers, since certain information had to be approached in the
specific context of the studies. In this respect, we identified
that our data extraction form faced limitations, however, it
still functioned as the primary source of information when
conducting the data synthesis.
3.5 Synthesis
The process of synthesising the reviewed studies in-
volved classifying and summarising the factors and effects
of personality or expertise on pair programming. The ap-
plication of the synthesised findings were illustrated in a
fictive setting to answer RQ2: How can the “factor-effect”
mapping be applied in practice to define effective pairings
for pair programming?
To classify the findings, groups were constructed with
the ultimate goal of our study in mind; depending on the de-
sired outcome of a pair, the factors which affect the outcome
Table 2. Data extraction form
ID Item Data
1 Data extractor
2 Data checker
3 Study title
4 Study ID
5 Number of institutions and/or companies addressed
6 Number of participants
7 Type of participants (professional/students)
8 Personality model addressed in the study?
9 Which factors are used in the research/study?
10 What are the objectives of the study?
11 Which research design is used?
12 What are the effects on Pair Programming?a
13 Authors’ concerns about generalisability of results
14 What validity threats are discussed?
aMark statistically significant findings with [ss]
Figure 1. Synthesis steps
can be considered and utilised independently. To emphasise
on the expected outcome of the pair configurations, the syn-
thesised data were ordered by the effect and prioritised by
the degree of significance of the effect.
The quality of the effect was characterised by increased,
decreased, or no effect. A concise definition of the effect
was also included, as defined by the authors of the studies
under review, to distinguish between the different meanings
of similar or identical terminology that was used across re-
search. The definitions of the effects that were not provided
by the authors of the reviewed studies were respectively
characterised by Not defined by author(s).
The synthesised findings were tabulated into separate
groups. To further clarify the factors, a concise narrative
description also supplemented the “factor-effect” mapping.
Figure 1 presents the steps taken to synthesis the findings.
4 Results and discussion
This section presents the synthesised findings from the
reviewed studies, to address our research questions. We also
present an overview of the empirical studies that present ev-
idence of correlations. RQ1 is addressed by the “factor-
effect” mapping. The findings presented in this section will
furthermore be discussed and interpreted.
We identified that 17 empirical studies presented evi-
dence (Table 3) for a correlation, or lack thereof, of person-
ality or expertise with pair programming. Of the total stud-
ies, 11 were conducted at an academic setting, 5 were con-
ducted at an industrial setting, and 1 study was conducted
both in industry and academia. A small subset of these stud-
ies explored expertise in correlation with pair programming,
of which 13 studies are on personality and 4 on expertise.
This indicates that expertise in correlation to pair program-
ming has not been extensively explored, strengthening the
argument for the need for further work in this area, as is
suggested in the reviewed literature on expertise.
The reviewed studies varied in objectives, with certain
studies exploring the diversity in personality and expertise,
or the effects of isolated personality traits, suggesting that
these factors affect performance and other aspects of pair
programming. These factors and effects are presented in
Section 4.1. The reviewed studies are discussed in detail in
Section 4.3.
4.1 Addressing RQ1
To address RQ1, Which factors are studied to explore
the effects of personality and expertise on pair program-
ming?, we synthesised the findings into the “factor-effect”
mapping. The findings were grouped by effect to empha-
sise the usability of the “factor-effect” mapping. In essence,
the mapping can be consulted by considering the desired
effect, and determining which factors can lead to efficient
pairs. The three groups that were constructed are: Per-
formance, Collaboration & Communication, and Learning.
The groups are respectively distinguished by whether the
effects relate to the standard of the end product, the interac-
tions and way-of-working of a pair, and the effects of per-
sonality on learning. Figure 2 shows the distribution of the
reviewed studies per group.
Due to differences in the definitions of terminology in
the studies, the effect definitions were included in “factor-
effect” mapping to clarify ambiguities. Furthermore, the
synthesised data was ordered by effect, and prioritised by
the degree of significance of the effect. Therefore, if the
desired outcome would be Code Correctness, all factors de-
noting that outcome are ordered by the effect’s significance.
Some of the reviewed studies did not limit their objec-
tives to solely exploring personality or expertise factors. We
Figure 2. Distribution of the reviewed studies
per group
include these factors in the “factor-effect” mapping as well,
since these are also studied in the respective studies’ con-
text, and the authors may conclude that these other factors
can have a considerate effect on pair programming. We also
consider that this adds value to the mapping, and may pro-
vide the grounds for future research not limited to personal-
ity or expertise.
Figure 3 depicts the synthesised factors, effects, and their
number of occurrences. The factors and effects of the learn-
ing group are not depicted in this figure, and are presented
in section 4.1.3. This chart makes it evident that most syn-
thesised findings relate to diversity, either in general on in
particular personality traits.
Figure 4 presents all factors in the performance and C&C
groups, categorised based on theme (personality, expertise,
other). Furthermore, this figure presents the factors that
have an increased effect on the left, and those that have a
decreased effect or no effect on the right. The correspond-
ing effects can be found in Table 4 and Table 5.
4.1.1 Performance group
The Performance group includes those effects in the re-
viewed studies that relate to the standard of the end-product,
primarily: code correctness, code productivity, code quality,
design correctness, and velocity.
Diverse personalities are always found to be signifi-
cantly correlated with increased performance of a pair, as
evidenced by F4, F13, F15. Studies F13 and F15 take into
Table 3. Reviewed studies
ID Title Model Setting Participants
[F1] Evaluating Pair Programming With Respect to System Complexity and Programmer Exper-tise NA Industrial 295
[F2] Double Trouble: Mixing Qualitative and Quantitative Methods in the Study of ExtremeProgrammers NA Industrial 14 pairs
[F3] Critical Personality Traits in Successful Pair Programming UDa Both 118
[F4] Exploring the Underlying Aspects of Pair Programming: The Impact of Personality MBTI Academic 128
[F5] Pair Dynamics in Team Collaboration MBTI Academic 128
[F6] The Social Dynamics of Pair Programming NA Industrial 19
[F7] Effects of Personality on Pair Programming FFM Industrial 196
[F8] Pair Programming Productivity: novice–novice vs expert–expert NA Academic 40
[F9] The Effects of Openness to Experience on Pair Programming in a Higher Education Context FFM Academic 137
[F10] An Empirical Study of the Effects of Personality in Pair Programming Using the Five-FactorModel FFM Academic 49
[F12] The Effects of Neuroticism on Pair Programming: An Empirical Study in the Higher Edu-cation Context FFM Academic 118
[F11] An Empirical Study of the Effects of Conscientiousness in Pair Programming Using theFive-Factor Personality Model FFM Academic 218
[F13] Investigating the Impact of Personality and Temperament Traits on Pair Programming: AControlled Experiment Replication MBTI/KTS Academic 160
[F14] Investigating the Impact of Personality Types on Communication and Collaboration-viability in Pair Programming: An Empirical Study MBTI/KTS Academic 84
[F15] An Experimental Investigation of Personality Types Impact on Pair Effectiveness in PairProgramming MBTI/KTS Academic 70
[F16] Personality and the Nature of Collaboration in Pair Programming FFM Industrial 44
[F17] Examining the Compatibility of Student Pair Programmers MBTI Academic 1350
aUniversity of Denver Career Center: http://www.du.edu/career/media/documents/pdfs/personality.pdf, as of May 2015
Figure 3. Factors and effects found in the reviewed literature
Table 4. Performance group
ID Factor Level Effect Effect definition SSa
[F13] Diverse Personalities/Temperaments Increased Code Correctness Not defined by author(s) Y
[F15] Diverse Personalities/Temperaments Increased Code Correctness ——"—— Y
[F1] Novice Pair Increasedb Code Correctness
Intended functionality is properly imple-
mented N
[F4] Diverse Personalities Increasedc Code Productivity Executable code and coding effort Y
[F4] Opposite Personalities Increasedc Code Productivity ——"—— N
[F3] Openmindedd Increased Code Quality
Output correctness, required documentation,
good programming style, correct use of ob-
jects, interface design
N
[F3] Responsiblee Increased Code Quality ——"—— N
[F13] Diverse Personalities/Temperaments Increased Design Correctness Not defined by author(s) Y
[F15] Diverse Personalities/Temperaments Increased Design Correctness ——"—— Y
[F7] Diverse Extraversion Increased Performance
Code Correctness, Duration, Methodology,
Extensibility, Cost Effectiveness, Redesign,
Regression Grade
Y
[F4] Similar Personalities Decreasedc Performance Executable code and coding effort N
[F8] Novice Pair Increasedb Productivity in new tasks Velocity and quality NA
[F15] Diverse Personalities/Temperaments Increased Velocity Less time to complete each task Y
aStatistically significant correlation
bIn comparison with a novice individual
cLevel of Diverse and Opposite in comparison to Similar
dDefined as impartial, receptive to new ideas, and free from prejudice
eDefined as dependable, trustworthy, reliable, and loyal
Figure 4. Factor grouping
account temperament, along with personality. Study F7
presents a finding with respect to diversity in a particular
trait, as opposed to diversity in general; specifically, Diverse
Extraversion has a significant correlation with performance.
Similar personalities, addressed by F4, are shown to cor-
relate to decreased performance. Opposite personalities
have a correlation to increased performance compared to
Similar personalities, however, with no statistical signifi-
cance between Opposite and Similar. There is, however, a
significant difference between the performance of Diverse
personalities opposed to Opposite and Similar, as addressed
by F4.
Study F3 shows that a correlation of Openminded and
Responsible with code quality exists, however, with no sta-
tistical significance. In this study, the findings supported
that at least one developer with high Openminded or Re-
sponsible would result in increased code quality. It is note-
worthy that this study did not measure personality with the
models utilised in other studies, and therefore these factors
are unique in the “factor-effect” mapping.
With respect to expertise, F8 correlates Novice Pairs with
increased productivity in new tasks, in terms of velocity and
quality, compared to novice individuals. Study F1 shows
that a Novice pair correlates with increased performance,
compared to novice individuals, and shows to have similar
performance with an expert individual. However, this find-
ing has no statistical significance.
Table 5. Collaboration & Communication group
ID Factor Level Effect Effect definition SSa
[F14] Diverse Personalities/Temperament Increased Collaboration Developers’ satisfaction, knowledge acquisi-tion, participation Y
[F5] Same Gender Increased Collaboration Higher level of communication, satisfaction,compatibility, confidence Y
[F5] Opposite Gender Decreased Collaboration Lower level of communication, satisfaction,compatibility, confidence Y
[F13] Diverse Personalities/Temperament Increased Communication Number of communication transactions madeduring the pair programming session Y
[F5] Communication skill-level Increased Communication Not defined by author(s) Y
[F15] Diverse Personalities/Temperament Increased Communication Number of communication transactions madeduring the pair programming session Y
[F16] Diverse Neuroticism No effect Communicationb
Both developers contribute new information to
a task N
[F16] Diverse Agreeableness Decreased Communication ——"—— N
[F2] Novice Pair Increased Communication Not defined by author(s) NA
[F2] Diverse Expertise Increased Communication More rest and reminders of errors needing so-lutions NA
[F17] Diverse in Sensing-Thinking Increased Compatibility Not defined by author(s) Y
[F17] Diverse Work-ethics Decreased Compatibility ——"—— Y
[F6] Late rotation Increased Disadvantaged novice Inhibits novice programmers to contribute ef-fectively NA
[F16] Diverse Extraversion Increased Disruptionsc
If a developer changes the topic, however, it is
not defined whether the new topic relates to the
task
Y
[F6] High Individual task-relevant Exper-tise Increased Interaction Domination Determining how and what to implement NA
[F16] High Individual Agreeableness Decreased Off-Task Communication Small-talk, irrelevant to solving a task Y
[F5] Any MBTI combination No effect Pair Programming Experience In the levels of satisfaction, compatibility,communication, and confidence N
[F2] Novice Pair Decreased Problem solving consistency Inconsistent approaches to solving problems NA
[F16] High Extraversion, Diverse Neuroti-cism Increased Verbalisation Programming aloud NA
[F16] Similar Neuroticism Increased Verbalisation ——"—— NA
aStatistically significant correlation
bNeuroticism does not increase the amount of communication-intensive collaboration
cIncreased amount of disruptions compared with Introverts. Disruptions can be productive or counter-productive, on-topic or off-topic
4.1.2 Collaboration & Communication group
The Collaboration & Communication group includes those
effects in the reviewed studies that relate to the interac-
tions and way-of-working of a pair. This group primarily
includes effects on: collaboration, communication, compat-
ibility, and verbalisation.
Similar to the Performance group, Diverse Personalities
and Temperaments have a significant correlation with col-
laboration and communication as evidenced by F13, F14,
and F15. Study F17 finds that a pair of developers with
Sensing-Thinking traits have increased compatibility.
Diversity in certain personality traits is, however, shown
to correlate with decreased communication; F16 demon-
strates this about Diverse Agreeableness, though with no
statistical significance. Study F16 also presents evidence
that one individual of High Agreeableness will introduce
more off-task communication to the pair, and that a pair
with Diverse Extraversion will experience more disrup-
tions, however, the study does not distinguish whether or
not these disruptions are task-related. High Extraversion
and Diverse Neuroticism correlates with an increase in ver-
balisations. Diversity in Neuroticism has otherwise no ef-
fect on Communication. Conversely, Similar Neuroticism
correlates with an increase in verbalisation.
Study F5 contradicts other findings, concluding that per-
sonality, and specifically Any MBTI combination, has no ef-
fect on the pair programming experience (including com-
patibility and communication). This study also investigates
the impact of Communication skill-level on pair program-
ming, finding that its only effect is on the aspect of com-
munication. Furthermore, it investigates Gender as a fac-
tor, which correlates with collaboration; Same Gender pairs
experience increased collaboration, whereas for Opposite
Gender pairs collaboration is decreased. Other studies that
explore factors beyond personality and expertise are F6 and
F17. The findings, respectively, are that a pair with Diverse
Work-ethics has decreased compatibility, and that Late ro-
tation (i.e. switching partners late in a project) can disad-
vantage a novice.
Regarding expertise, F2 finds that Novice Pairs have de-
creased problem solving consistency, and increased com-
munication. Pairs of Diverse Expertise are also correlated
with increased communication. Developers with High In-
dividual task-relevant Expertise are evidenced to dominate
interaction, according to F6.
4.1.3 Learning group
The Learning group concerns the effects of personality on
learning. The findings in this group are represented only
textually, due to the particular objectives and design of the
studies. In particular, the objective of F9, F10, F11, and F12
is to assess the effectiveness of pair programming as a ped-
agogical tool in academia. These studies share a common
experiment design, whereby students are paired based on
certain personality traits, and are then assessed individually
to determine to which extent pair programming has affected
the learning outcomes.
The consensus of F9, F10, and F12 is that Openness to
experience significantly correlates with students’ academic
performance. Conscientiousness is not found to correlate
with academic performance in F11 and F12, but a non-
significant correlation is found in F10. Finally, Neuroticism
does not have an impact on academic performance, accord-
ing to F11.
4.2 Addressing RQ2
RQ2 is addressed in Section 5, by illustrating how the
“factor-effect” mapping may be applied to define effective
pairs in a fictive setting. We address RQ2 after discussing
the “factor-effect” mapping to provide the reader with a bet-
ter understanding of the implications of the findings.
4.3 Discussion of the “factor-effect” map-
ping
Overall, the strongest predictor of increased perfor-
mance, collaboration and communication is diversity in per-
sonality. Particularly, all findings in the Performance group
that concern diversity in personality are statistically signifi-
cant. The immediate effects are on code correctness, design
correctness, productivity, and velocity, which are aspects
that any organisation can benefit from in their software de-
velopment process. In the C&C group, 5 out of 7 findings
that concern diversity are also statistically significant. This
indicates that an increase in the aspect of collaboration and
communication may positively affect developers’ satisfac-
tion, knowledge acquisition and participation, as well as in-
crease their communication transactions. Diverse person-
alities may also be more prone to disruptions, however, it
is possible that these disruptions are part of a task-relevant
discussion that benefits their productivity. Therefore, a de-
cision maker, in the process of configuring effective pairs,
should prioritise pairing those developers that present some
diversity in their personality, as opposed to pairing similar
personalities.
It appears that diverse personality pairs can increase the
effectiveness of pair programming, however, diversity in
Agreeableness and Neuroticism are not found to have a sig-
nificant correlation. Similar Neuroticism in a pair, as well as
the combination of High Extraversion and Diverse Neuroti-
cism are shown to correlate with an increase in verbalisation
which can positively engage a novice [14]. This indicates
that, even though Neuroticism itself does not correlate to in-
creased effectiveness, it can still be considered along with
other factors.
One study presents evidence for no correlation of per-
sonality with the levels of satisfaction and communication
(Any MBTI combination in Table 5) contradicting 4 studies
that report a significant correlation of personality with these
effects. It is interesting, however, that this study explores
the effects of gender, and finds that Same Gender pairs have
significantly increased collaboration in terms of commu-
nication, satisfaction, compatibility, and confidence, com-
pared to Opposite Gender pairs. One other factor that can
significantly affect compatibility is work-ethics; in particu-
lar, one study that explores its effects reports that Diverse
work-ethics leads to decreased pair compatibility. Contra-
dictorily to diversity in personality, diversity in work-ethics
and mixed genders correlate with a decrease in certain as-
pects of pair collaboration.
With regard to learning, the studies that assess pair pro-
gramming as a pedagogical tool find that Openness to ex-
perience is the most significant predictor for student perfor-
mance. In particular, this finding is statistically significant
in 3 out of 3 studies that explore the effect of this trait. A
significant correlation is also found for Conscientiousness,
but in only 1 out of 3 studies. Neuroticism is not found to
be a good predictor for student performance either. The fo-
cus of these studies, however, is not how these traits affect
pair programming, but instead how these traits correlate to
learning outcomes of individuals.
The effects of expertise on performance are explored by
two reviewed studies, which report that a Novice pair corre-
lates with increased code correctness, quality, and velocity
compared to a novice individual. A novice pair is also found
to have increased communication, and decreased problem
solving consistency. In pairs of Diverse Expertise, com-
munication is also increased. This clearly indicates that a
novice benefits from increased communication transactions,
due to lack of knowledge and need for guidance in pair pro-
gramming. Furthermore, a developer’s High task-relevant
Expertise is found to correlate with increased interaction
domination, a finding that illustrates that the disengagement
of a developer could occur despite their level of expertise in
general; this may suggest that for tasks that demand highly
relevant expertise, it would be preferable that two develop-
ers with similar knowledge are paired.
5 Illustration of the application of the
“factor-effect” mapping in a fictive setting
The purpose of the illustration is to address RQ2: How
can the “factor-effect” mapping be applied in practice to
define effective pairings for pair programming? We present
the application of the “factor-effect” mapping in a fictive
industrial setting, in order to illustrate how the mapping
can be used in practice. The basis of this illustration can
be used in constructing an empirical study in future, as it
demonstrates the data collection procedure, utilisation of
the “factor-effect” mapping, and the evaluation of its effec-
tiveness.
For this illustration, we collected personality profiles
from students at the Software Engineering & Management
programme at the University of Gothenburg. The question-
naire that was used is the short form of the IPIP-NEOa,
a 120 item questionnaire based on the Five-Factor Model.
Student profiles were collected for reasons of convenience,
and we received 6 responses (Table 6) over a six week pe-
riod. Since the expertise of students was not considered
relevant, the profiles were supplemented by devising their
expertise level in order to highlight certain aspects of the
“factor-effect” mapping.
5.1 Fictive industrial setting
The industrial setting is a telecommunications company,
specialising in security critical software development, em-
ploying 20 developers. They have, in recent months, intro-
duced pair programming to increase the end-product qual-
ity by reducing post-release bugs, and to improve develop-
ers’ productivity. They have been pilot-testing pair pro-
gramming with certain developers, however, the company
has not yet evaluated pair programming to be a success-
ful change. They have established metrics for measuring
code and design correctness, and velocity, as well as de-
veloper satisfaction with relevant questionnaires. They are
therefore at the stage of re-approaching the formation of
the pilot-testing group, and are interested in applying the
“factor-effect” mapping, as they see it as a promising tool
for the formation of effective pairs.
5.2 Participants
For the renewed initiative, the 20 developers took the
IPIP-NEOa personality test, and their expertise has been
determined by their software specific proficiencies that are
relevant to the upcoming tasks, as well as the years of pro-
gramming experience. The knowledge of the developers
about the upcoming task is gauged by a short programming
test on recurring problems in the particular domainb. The
decision-makers at the company are determined to increase
the number of specialists in security critical software devel-
opment, and are therefore also interested in the knowledge
acquisition of novice developers. To this end, it was decided
that 3 novices and 3 experts would be selected as the pilot
team to assess the extent to which the “factor-effect” map-
ping can increase performance, collaboration, and learning.
The personality profiles of the participants are presented
in Table 6, and their devised level of expertise is denoted by
“E” (Expert) and “N” (Novice).
5.3 Pair configuration
Table 6. Developer profiles
ID Ea Aa Ca Na Oa
N1 L H H L A
N2 L H A A A
N3 A L A A A
E1 A H H L H
E2 A L H L L
E3 A A L A A
aE: Extraversion, A: Agreeableness, C: Conscientiousness, N: Neu-
roticism, O: Openness to experience
bL: Low, A: Average, H: High
Developers N2 and E3 were paired so that N2 can spe-
cialise in security critical tasks. By consulting the “factor-
effect” mapping, the decision-makers decided to pair N2
and E3 based on the following factors: Similar Neuroti-
cism and Diverse Expertise (Table 5). The desired effect
is to increase verbalisation, and to maintain the quality of
the outcome, through reminders of errors on behalf of the
expert. This particular novice, due to their low extraver-
sion, can particularly benefit from acting as the driver and
verbalising throughout the task, both crucial aspects for the
engagement of a novice [14].
Developers E1 and E2 were paired to undertake an im-
portant security critical task that requires High Individual
task-relevant Expertise (Table 5). Due to the nature of the
task, the decision-makers consulted the “factor-effect” map-
ping and decided that due to E1’s High Individual Agree-
ahttp://www.personal.psu.edu/faculty/j/5/j5j/IPIP/ipipneo120.htm, as
of May 2015
bDue to the challenging nature of determining expertise, a specific test
cannot be referenced. Gauging for expertise is highly dependent on the de-
velopment context and expected outcome, and is challenging to standardise
[15]
ableness (Table 5), and their diversity with E2’s low indi-
vidual agreeableness, that a decrease in off-task communi-
cation would be achieved. This suggests that the developers
will have fewer, but task-related discussions. Their consis-
tency in problem solving, as experts, should yield a high
quality result, despite limited diversity in personality.
Developers N1 and N3 were paired for non-security crit-
ical tasks, as they have low software specific proficiencies
in this field. However, their task demands a high-quality
result, and were therefore paired based on their Diverse
Personalities (Table 4) in order to increase performance.
Their average score on the trait Openness to experience in-
dicates that they are good candidates for learning (Section
4.1.3). Their expected decreased problem solving consis-
tency may be moderated by their Diverse Extraversion (Ta-
ble 5), which can trigger the expression of ideas (in the form
of positive disruptions) that can help them to explore alter-
native solutions.
5.4 Industrial evaluation of the “factor-
effect” mapping
After a month, the resulting work of the developers is
measured in terms of performance and collaboration with
the company’s established metrics. The learning outcomes
of the novice-novice group is determined by their newly ac-
quired software specific proficienciesb. By evaluating the
results, the decision-makers can conclude whether the re-
sults are promising or not, and expand the initiative to in-
clude all developers.
6 Limitations
One important limitation for our review methodology is
that the search strategy included two sources, and no man-
ual search for studies in related journals. Considering the
amount of duplicate results we found in the second source,
it is likely that further sources would not yield unique re-
sults. Furthermore, the studies concerning expertise are 4,
a small subset of the reviewed studies, therefore our pri-
mary findings mostly concern personality. The limitation
in this respect is that the “factor-effect” mapping does not
include as many entries on expertise, but this should not be
viewed as a limitation to the importance of expertise in pair
programming. It rather suggests that expertise should be
further explored in future research.
Regarding our data extraction, limited quality criteria
were applied, so we did not account for the potential im-
pact of the findings attributed to the quality of the reviewed
bDue to the challenging nature of determining expertise, a specific test
cannot be referenced. Gauging for expertise is highly dependent on the de-
velopment context and expected outcome, and is challenging to standardise
[15]
empirical research. Instead, we focused on that information
that was relevant to address our research questions. Another
limitation of our data extraction procedure is that we did
not extract statistical significance values for the findings.
This was due to the complexity and differences between the
statistical analyses that were used in the reviewed studies,
but we denoted those findings that had significant correla-
tions with a binary value (Y/N). In the synthesis, a possi-
ble limitation can be attributed to misinterpretations due to
lack of definitions in reviewed studies. However, to address
this concern, definitions of the effects were included in the
“factor-effect” mapping for the studies that supplied them.
The personality profiles that were utilised in the illustra-
tion of the “factor-effect” mapping were students’. It is not
within the scope of this study to assess whether personal-
ity in industry differs from that of students, however, we
do not consider this an important limitation, as the purpose
of this illustration was to suggest how the “factor-effect”
mapping can be applied in practice. Finally, in the illustra-
tion, we address diversity as differences in the Five-Factor
Model traits, without determining how much of a difference
is considered diverse enough.
7 Conclusions and future work
This comprehensive literature review analysed 17 em-
pirical studies on the effects of personality and expertise on
pair programming, with the objective to suggest a method
for decision-makers to create optimal pairs. The factors and
effects were extracted from the studies and synthesised into
the “factor-effect” mapping. Furthermore, we illustrated the
usage of the mapping in a fictive setting, describing one pos-
sible approach on how to apply it in industry.
The reviewed studies explored multiple factors, primar-
ily diversity in personality, and their effects on pair pro-
gramming performance, developer interaction, and learn-
ing. The most prominent factor, diversity in personality in
general or in particular personality traits, is found to be sig-
nificantly correlated with pair programming performance,
collaboration and communication in 12 out of 15 findings.
Our conclusion is that diversity in personality strongly cor-
relates with performance, collaboration, and communica-
tion facets. The studies that explored the effectiveness of
pair programming as a pedagogical tool reported that Open-
ness to experience is the most significant predictor of aca-
demic performance. With regard to expertise, the most
common findings relate to developers’ communication and
collaboration.
For the advancement of our research, we propose that
the “factor-effect” mapping is evaluated in practice at an
industrial environment, where expertise is of relevance, as
opposed to academia. An experiment with students is con-
sidered valuable as well, however in this case, only the ef-
fects of personality could be explored in a meaningful way.
For the measurement of personality, we encourage future
researchers to consider whether the MBTI or the FFM, or
possibly other personality models, are most accurate in de-
termining diversity in personality. Furthermore, as part of
the evaluation, an appropriate test for expertise should be
constructed; our suggestion is that software-specific profi-
ciencies are taken into account, based on Sim et al. [15].
Finally, this research should be replicated and extended,
to include relevant factors and effects from future empirical
research.
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